Introduction
Citrus depressa Hayata, called shiikuwasha in Japan, is the most popular sour fruit in Okinawa, a southern region of Japan. Its fruit has long been used for food and as a natural cleanser for textiles. Shiikuwasha contains high concentrations of polymethoxylated flavones, including nobiletin, tangeretin and sinensetin, in its peel (Kawaii et al., 1999; Nogata et al., 2006) . There have been many studies on nobiletin, including anti-tumor activities (Murakami et al., 2000; Kohno et al., 2001) , inhibition of fulminant hepatitis (Akachi et al., 2010) and improvement of memory impairment (Onozuka et al., 2008) . The market for shiikuwasha products has grown rapidly as a result of increasingly health-conscious consumers and price increases, challenging shiikuwasha farmers to keep up with product demand. As a result, shiikuwasha juice adulterated with calamondin (Citrus madurensis LOUR.) juice as an alternative ingredient, produced in Taiwan and the Philippines, is widely produced. Juice extracted from calamondin resembles that from shiikuwasha in color and flavor. Therefore, shiikuwasha juice adulterated with calamondin juice is difficult to detect. Yamamoto et al. (2012) reported the use of 3′,5′-di-C-β-glucopyranosylphloretin, polymethoxylated flavones and γ-terpinene in detecting shiikuwasha juice adulterated with calamondin juice. Although the chemical characteristics of both citruses were revealed, differences in sensory characteristics have not been demonstrated. In addition, sensory analysis has not been used for the detection of adulteration (Cordella et al., 2002) . Recently, calamondin juice combined with a small amount (1%) of shiikuwasha juice has been offered for sale. However, it is unclear if those juices actually contain shiikuwasha juice. Therefore, the objective of this work is to reveal the sensory characteristics of shiikuwasha and calamondin juices, and to estimate the ratio of shiikuwasha juice in calamondin juice.
Materials and Methods
Materials Industrially prepared shiikuwasha juice and concentrated calamondin juice were obtained from a com-adulterated juices using SPSS 19.0 (IBM Corp., Armonk, NY, USA).
Solid phase microextraction (SPME)-GC, GC/MS for volatile components All analytical conditions and procedures were identical to those in a previous paper (Yamamoto et al., 2013) . One milliliter of a juice sample was placed in a vial (22 × 38 mm) containing an internal standard solution of 10 μL of 1 % cyclohexanol in water. The solution was held at 40℃ for 5 min, and a Sigma-Aldrich Carboxen / PDMS SPME fiber (fiber length: 10 mm, film thickness: 75 μm) was introduced into the septum-sealed vial and kept in the injection port for 20 min. SPME cryofocusing was carried out as follows: Heating of the GC column-oven was stopped and the GC column head (10 cm) was dipped into liquid nitrogen to collect the volatiles in splitless mode. Then, the SPME fiber was introduced into the injector and kept there for 7 min (Hashimoto et al., 2006) .
Volatile components of the headspace gas were analyzed with a Shimadzu GC14A gas chromatograph. A 0.25 mm i.d. × 60 m DB-WAX chemical bond type silica capillary column with a 0.25-μm-thick film (Agilent Technologies, Santa Clara, CA, USA) was employed, with the FID detector at 230℃ and injection port at 260℃. The temperature program was set to an initial 40℃, increasing at 3℃/min to 230℃, and held at the final temperature for 10 min. The helium carrier gas flow through the column was 1.0 mL/min. The headspace gas constituents were identified by gas chromatography-mass spectrometry. A Varian 3400 gas chromatograph interfaced to a Finigan MAT Model 800 ion trap detector (Thermo Fisher Scientific, Waltham, MA, USA) was used. Transfer port temperature and ion trap temperature were kept at 230℃. Mass units were monitored from 26 − 300 aum/s at 1250 eV. Other conditions were the same as those of GC conditions. The components were identified by comparing both mass spectra based on a library search system (MAG-NUM Library-Search System: NIST MASS SPECTRA DATABASE 62,235 compounds) and their GC retention indices (RI) on a DB-WAX column with those of authentic compounds (Wako Pure Chemical Industries, Osaka, Japan; Tokyo Kasei Kogyo, Tokyo, Japan; Sigma-Aldrich, St. Louis, MO, USA) previously analyzed and stored in our private data file. The GC data was calculated using a Shimadzu GC-6R integrator. The concentration of each volatile component was determined by comparison with an internal standard. All treatments were performed in duplicate and the results are presented as mean values.
Results and Discussion
Sensory analysis For the simple identification of pure shiikuwasha juice, we performed two sensory tests. The tripany in Japan and in Taiwan, respectively. Concentrated calamondin juice was diluted to 9.0° ± 0.2° Brix to adjust for the concentration of industrial shiikuwasha juice. For the preparation of model adulterated juices, shiikuwasha juice was added to calamondin juice at concentrations of 0.1, 0.5, 1, 5, 10, 20, 25, 50, 75 and 90% (v/v) .
Sensory evaluation Samples of 0, 25, 50, 75% model adulterated juices and 100% shiikuwasha juice were compared using a triangle test and Scheffé's paired comparison test (Ura variation) . The panelists, 20 women, ranging in age from 21 to 29, in the Department of Health and Nutrition Sciences, Nakamura Gakuen University, were trained for 2 months before the evaluation for their familiarity with shiikuwasha juice and calamondin juice, and underwent orientation in both tests. Twenty mL samples were presented under white light in clear glasses (container size: 50 mL) labeled with random numbers, and were compared using a closed panel method at room temperature (22 ± 2℃). In a triangle test, the panelists were randomly given two controls and one test sample in random order and asked to indicate the odd one. The panelists were also asked to choose the 100% shiikuwasha juice. The samples were presented to each panelist once. The results were statistically analyzed using Roessler's tables at a significance level of 5% or 1% (Roessler et al., 1978) . In Scheffé's paired comparison test (Ura variation), the panelists used a 7-grade scale (−3 to +3) to estimate color (orange color − yellow), flavor (calamondin-like − shiikuwasha-like) and sourness (weak − strong). The panelists evaluated a pair of samples from left to right without repetition. The same panelists evaluated all combinations and all orders. For statistical analysis, Scheffé's analysis of variance (ANO-VA) on paired comparison (Ura variation) was performed (Ura, 1956) .
Color Measurements A tristimulus reflectance colorimeter (Color meter ZE6000, Nippon Denshoku Industries Co., LTD., Tokyo, Japan) calibrated with a white standard tile (X = 95.06; Y = 93.14; Z = 112.59) was used. Samples were placed in Petri dishes, and color was recorded using the CIE-L*, a*, b* uniform color space (CIE-Lab), where L* indicates lightness, a* indicates a hue on a green (−) to red (+) axis, and b* indicates a hue on a blue (−) to yellow (+) axis. Total color difference (TCD) was determined using eq. 1, which indicates the magnitude of color difference from 100% shiikuwasha juice.
where L 0 ,a 0 and b 0 are color value of 100% shiikuwasha juice. These data were subjected to ANOVA and TukeyKramer's test to determine significant differences between 100% shiikuwasha juice and 0%, 25%, 50%, 75% model described the importance of color as a quality parameter in citrus products. Tiwari et al. (2008) used color parameters (L*, a* and b*) as orange juice quality parameters. Their data suggested juice color is one of the parameters useful in detecting differences in citrus juices. Color in sensory evaluation and colorimetric value were important for consumers in evaluating product quality and identifying pure shiikuwasha juice without opening the container.
Volatile components The results of sensory evaluation suggested flavor was useful for identifying adulteration. We prepared 0.1, 0.5, 1, 5, 10, 20, 25, 50, 75 and 90% model adulterated juice to investigate a new marker and estimate the ratio of shiikuwasha juice. Twenty-seven aromatic components were identified in the headspace gas obtained from shiikuwasha juice. On the other hand, 20 aromatic components were identified from calamondin juice. Table 4 summarizes the typical composition of the headspace gas obangle test consisted of presenting samples of 0, 25, 50, 75% model adulterated juices and 100% shiikuwasha juice to the 20 panelists once. Table 1 indicates there were significant sensory differences between 100% shiikuwasha juice and the model adulterated juices containing 0%, 25%, and 50% shiikuwasha juice (p < 0.01). All panelists that provided the correct answer in the triangle test were able to differentiate pure shiikuwasha juice from 0%, 25% and 50% model adulterated juice (p < 0.01). These results suggested that the trained panelists could identify pure shiikuwasha juice and adulterated shiikuwasha juice by sensory evaluation. However, identification using sensory analysis proved more difficult for the detection of differences between pure shiikuwasha juice and adulterated shiikuwasha juice containing high amounts of shiikuwasha juice. Scheffé's paired comparison test was carried out to clarify the characteristics, by comparing the pure shiikuwasha juice with adulterated shiikuwasha juice. As shown in Table 2 , Scheffé's paired comparison revealed significant differences in the color, flavor and sourness between samples. In color and flavor, there were larger differences in the scores between 100% shiikuwasha and other model juices than observed for sourness. Therefore, these results suggested that color and flavor could be used to detect the 100% shiikuwasha juice from model adulterated juices. In a previous study, Pérez-López et al. (2006) reported that 100 consumers differentiated pure orange juice from mandarin juice by color in sensory evaluation. Ayhan et al. (2001) performed a sensory analysis for orange juice consisting of color and flavor, and their data suggested that juice color and flavor are important parameters in sensory analysis of citrus juice.
Color parameters Juice color was a useful marker to identify pure shiikuwasha juice; comparisons of L*, a*, b* values and total color difference (TCD) are shown in Table  3 . Significant color differences (p < 0.05) were observed between 100% shiikuwasha juice and other model adulterated juices. The lightness value (L*) and the blue-yellow value (b*) decreased with increasing ratio of calamondin juice, except for the 75% model juice. However, the red-green value (a*) increased with an increasing ratio of calamondin juice. TCD indicates the magnitude of color difference between 100% shiikuwasha juice and other model adulterated juices. TCD value increased with increasing ratio of calamondin juice, and there were significant differences between 100% shiikuwasha and other model adulterated juices. However, there was no significant difference between 100% shiikuwasha juice and the 75% model juice in sensory evaluation. These results suggested that identification of adulterated juices by sensory analysis is limited in the case of juice dominated by shiikuwasha juice. Meléndez-Martínes et al. (2003) This result suggested that the ratio of shiikuwasha juice in calamondin juice could be estimated using these equations. These equations were useful for confirming the presence or absence of small amounts (1%) of shiikuwasha juice in calamondin juice. Yamamoto et al. (2012) reported γ-terpinene as a chemical marker to detect adulterated shiikuwasha juice. In this study, γ-terpinene and linalool were shown to be new and useful chemical markers for detecting small amounts of shiikuwasha juice in calamondin juice. Previous studies reported relationships between sensory analyses and flavor components detected by GC (Jella et al., 1998; Rega et al., 2004; Alvarez et al., 2011; Baldwin et al., 2011) . Their data and our results suggest that it is useful to combine sensory analyses and GC detection of flavor components in comparisons of citrus juices.
In conclusion, sensory analysis detected differences between 100% shiikuwasha juice and model adulterated juice containing 0% to 50% shiikuwasha juice. Color evaluation using sensory analysis and colorimetric value were important for consumers in evaluating juice quality and identifying pure shiikuwasha juice without opening the container. γ-Terpinene and linalool are new and useful chemical markers to detect small amounts of shiikuwasha juice in calatained from shiikuwasha juice, model adulterated juices and calamondin juice according to the order of detection. The main volatile components in shiikuwasha juice were limonene, γ-terpinene, p-cymene, and linalool. In the calamondin juice, the level of limonene was the highest and the next two major volatile compounds were p-cymene and myrcene. The concentrations of main volatile components for 100% shiikuwasha juice in comparison with 0% model juice (100% calamondin juice) were as follows: 676-fold greater γ-terpinene, 78-fold greater limonene, 57-fold greater terpinene-4-ol, 37-fold greater terpinolene. γ-Terpinene and linalool showed particularly large differences between 100% shiikuwasha juice and 0% model juice compared to other volatile compounds. Figure 1 shows the relationship between calamondin juice ratio and concentrations of γ-terpinene and linalool. This result suggested γ-terpinene and linalool are useful markers for qualitative analysis. As shown in Figure 2 , the linear relationship between γ-terpinene concentration (y) and the ratio of shiikuwasha juice (x) was expressed as y = 13.5x + 9.71, with a high correlation coefficient (r = 0.995). Similarly, the linear relationship between linalool concentration (y) and the ratio of shiikuwasha juice (x) was expressed as y = 0.38x + 0.40, with a high correlation coefficient (r = 0.999). Numbers indicate concentration (ppm; mean, n = 2). n.d. (not detected).
Fig. 2.
The linear relationship between γ-terpinene concentration (y) and shiikuwasha juice ratio (x) was expressed as y = 13.6x + 9.71, with a correlation coefficient of (r = 0.995).
The linear relationship between linalool concentration (y) and shiikuwasha juice (x) ratio was expressed as y = 0.38x + 0.40, with a correlation coefficient of (r = 0.999).
◆: γ-terpinene; ■: linalool, solid line: regression line (γ-terpinene), dashed line: regression line (linalool)
